To evaluate the effect of pneumoperitoneum, both alone and in combination with controlled ventilation, on peritoneal lymphatic bacterial clearance using a rat bacterial peritonitis model.
INTRODUCTION
The use of video-laparoscopy has significantly contributed to urgent abdominal surgery, both as a diagnostic method in acute cases and as an alternative, and even preferred, procedure for treating certain diseases.
1,2 For many years, the presence of peritonitis was considered to be a significant risk factor for laparoscopy. However, research examining the use of video-laparoscopy in the presence of peritoneal infection has reported favorable clinical results. 2, 3 The presence of bacteria in the peritoneal cavity and its septic consequences have motivated recent research. 4 Historically, the concept that bacterial clearance by the diaphragm is a negative rather than a positive prognostic factor was first suggested by the reduced mortality of peritonitis patients who were maintained in a semi-seated position that decreases diaphragmatic contact with peritoneal secretions. 5 Although this concept has faced opposition, 6 it is supported by studies reporting improved survival in animal peritonitis models following procedures designed to prevent bacterial clearance, such as scarification of the diaphragmatic surface and using substances to block the diaphragmatic pores. 7 Other studies have observed that carbon particles injected into the mouse peritoneum are found in Kupffer cells 20 min later, possibly after absorption by the diaphragm and migration through blood and lymphatic transport systems. 8 Thus, the possible role of the diaphragm in this process has remained unclear. More recent studies have shown that a CO 2 insufflation-induced pneumoperitoneum increases bacterial (E. coli) translocation in rats, 9 and others have observed that a CO 2 pneumoperitoneum is associated with positive-end expiratory pressure and has neither a positive nor a negative impact on the systemic expansion of intra-abdominal E. coli infection. 10 Despite frequent and progressive clinical utilization of video-laparoscopy in urgent abdominal surgery, certain questions concerning the possible effects of pneumoperitoneum on patients with abdominal infections remain unanswered. It has been argued that the increase in abdominal pressure induced by the pneumoperitoneum could promote greater absorption of bacteria and toxins from the peritoneal cavity, which could increase the risk of septic shock if they enter the bloodstream. 11 The distension of the peritoneal cavity produced by pneumoperitoneum causes alterations in diaphragmatic movements, intra-abdominal and intra-thoracic pressures, and respiratory dynamics, and these factors are usually considered to be involved in lymphatic drainage of the peritoneum. However, the true effect of pneumoperitoneum on the diaphragmatic lymphatic drainage system remains unclear. Similarly, it is not known whether the combination of controlled ventilation and constant-pressure pneumoperitoneum, which is commonly employed in video-laparoscopic surgeries, increases or decreases the removal of substances from the peritoneal cavity. In many experimental animal studies involving sepsis and pneumoperitoneum, controversy concerning the repercussions of video-surgery in the presence of intra-abdominal infection remains. [12] [13] [14] [15] Thus, the objective of this study was to use an experimental rat peritoneal contamination model to evaluate the influence of pneumoperitoneum, both alone and in combination with controlled ventilation, on lymphatic bacterial clearance from the peritoneal cavity.
MATERIALS AND METHODS
A total of 69 adult male Wistar rats, weighing 200-300 g, was maintained in the laboratory on ad libitum water and standard diet for less than seven days. They were randomly divided into three groups of 23 rats each. All of the animals were anesthetized using intramuscular injections of ketamine (100 mg/kg) and xylazine (10 mg/kg) in the medial face of the thigh, and a 0.5-cm incision was made beneath the umbilical cicatrix to expose the delicate aponeurotic muscle layer. While light traction was maintained on the abdominal wall, a peritoneal puncture was performed with an 18-G Teflon catheter-embedded needle. After removing the metallic needle, the peritoneal cavity was inoculated with 1 mL of 10 9 colony forming units (cfu)/mL E. coli (ATCC pattern) solution. The Teflon catheter was maintained in all of the groups, with and without pneumoperitoneum, until the end of the experiment.
After anesthesia and asepsis, the Group A rats were maintained under spontaneous respiration for a period of 30 min, the Group B rats were maintained under spontaneous respiration and pneumoperitoneum for a period of 30 min, and the Group C rats were intubated and maintained under controlled respiration and pneumoperitoneum for a period of 30 min. Instead of the usual tracheotomy, the orotracheal intubation in Group C used a technique to produce airways in small animals that was developed specifically for this experiment. To induce less surgical trauma, endotracheal access was obtained by direct laryngoscopy rather than a usual tracheotomy. The laryngoscopy used an optical video-laparoscope with a 5-mm diameter and a 30˚angulated lens. The video-laparoscope was connected to a micro-camera system, light fountain, and video monitor. The anesthetized animal was maintained in the dorsal decubitus position, and its snout was lightly tractioned and lifted to create a space to introduce the optics. The optical system was used to correctly orient a number six Levine tube with a 5-cm extension in the transglottic position. Following the endotracheal intubation, the animals were maintained on mechanical ventilation using a standard small-animal fan. The rats in Group C were maintained under controlled respiration with a minute volume of 400 mL and an average respiratory frequency of 40 incursions per minute.
The pneumoperitoneum was created after the bacterial inoculation while the rats remained under anesthesia. Animal electronic insufflators were used to distend the peritoneal cavity at a constant 5-mmHg pressure and a flux of 0.2-0.5 mL/min.
All of the groups were observed for 30 min. The pneumoperitoneum was then interrupted in Groups B and C, and the animals were sacrificed using a lethal dose of anesthesia.
Blood cultures were grown on a hemolisobac (PROBAC) medium, and organ tissue cultures were grown on cysteine lactose electrolyte-deficient Agar (CLED-Agar).
Statistical analysis
The presence or absence of bacteria in the blood samples was expressed as the percentage of animals with positive cultures in each group, and the results were analyzed using the likelihood-ratio test. The Kruskal-Wallis test and an analysis of variance (ANOVA) model were used to compare the mean number of cfu in the cultures per gram of tissue collected between the groups. Statistical significance was set at p,0.05.
RESULTS
The blood culture measurements were expressed as cfu/ mL of blood and analyzed as the percentage (%) of animals with positive cultures in each group. The other culture results were expressed as the number of cfu/g of tissue collected (Table 1) . No significant differences between Groups A, B, and C were found for any of the cultures (Table 1 and Figures 1, 2 , and 3).
DISCUSSION
In the context of video-laparoscopic surgery, the role of CO 2 insufflation-induced pneumoperitoneum in combination with mechanical ventilation in the dissemination of peritoneal bacterial infection and sepsis remains controversial. 5, 16, 17 When bacterial contamination is introduced into the peritoneal cavity, three major defense mechanisms are activated to remove the infection: bacterial clearance by the diaphragmatic lymphatic system, phagocytosis by local macrophages, and migration of neutrophils to the abdomen. Lymphatic drainage and macrophage activity are the first lines of defense against bacteria following peritoneal contamination. 5, 18, 19 Due to its considerable level of communication with the rich lymphatic system, the diaphragmatic peritoneum confers the particular function of bacterial clearance from the peritoneum upon the diaphragm. Bacteria are removed from the peritoneal cavity through this lymphatic system and reach the mediastinal lymph nodes through the retrosternal nodes. 20, 21 A decrease in diaphragmatic mobility causes a decline in bacterial clearance from the peritoneum. 22, 23 Thus, the dampening effect of mechanical ventilation on diaphragmatic dynamics could be expected to attenuate this bacterial clearance mechanism. 19 Another factor that interferes with the absorption of substances by the diaphragmatic lymphatic system is abdominal pressure; there is a direct correlation between abdominal pressure and diaphragmatic lymphatic bacterial clearance. 24, 25 The gaseous pneumoperitoneum used in laparoscopic surgery causes elevated intra-abdominal pressure and leads to increased diaphragmatic bacterial clearance from the peritoneal cavity. It also leads to peritoneal distension, which promotes diaphragmatic lengthening and interferes with diaphragmatic movement. This condition may reduce bacterial clearance from the peritoneal cavity. 26 However, the combined effect of these two antagonistic factors on diaphragm-mediated bacterial removal remains unclear.
In this context, we hypothesized that these two opposing factors compete to define the lymphatic bacterial clearance from the peritoneal cavity. On the one hand, the pneumoperitoneum increases the intra-abdominal pressure, which favors bacterial clearance via the lymphatic system. On the other hand, lengthening of the diaphragmatic surface and controlled respiration decrease the lymphatic pumping action of the diaphragm, 22 which results in reduced bacterial clearance. The 30-min period used in this study was based on previous experiments showing that peritoneal lymphatic clearance of particulate matter is quickly initiated, becoming detectable in minutes, and absorbs most of the material in approximately 30 min. 27, 28 Thus, controlled ventilation combined with pneumoperitoneum was used to simulate the conditions of laparoscopic surgical procedures that employ pneumoperitoneum and mechanical ventilation.
We found no significant differences between the three groups based on blood, liver, lung, spleen, and peritoneum cultures. We also did not observe significant differences between the groups in the numbers of E. coli cfu in the diaphragmatic or mediastinal lymph nodes, which participate in the most relevant mechanism for bacterial clearance.
The similarities between the three groups in this study may have resulted from complex, synergistic effects of the pneumoperitoneum and mechanical ventilation on the diaphragmatic lymphatic system, as discussed above. Furthermore, no significant differences between the three groups were observed in our hemoculture results. Similar hemoculture results have been observed in other studies. 28, 29 Additionally, no evidence of hemodynamic alterations or increased bacteremia or endotoxemia have been reported in several other studies that examined the effect of pneumoperitoneum on the dissemination of peritoneal bacteria in animal models. 12, 29, 30 However, other studies have reported an increased incidence of bacteremia one hour after insufflation of the peritoneal cavity. 31, 32 Overall, no clear consensus can be obtained from the results of experiments that have investigated this issue.
CONCLUSION
Based on our results, we conclude that pneumoperitoneum, either alone or in combination with mechanical ventilation, does not modify the lymphatic clearance of peritoneal bacteria through diaphragmatic drainage. More studies are required to clarify the conflicting results observed in the literature on this topic.
